MicroRNA Maruca vitrata Transcriptome Precursor microRNA Torsion angle MicroRNAs (miRNAs) are a class of small RNAs, evolutionarily conserved endogenous non-coding RNAs that regulate their target mRNA expression by either inactivating or degrading mRNA genes; thus playing an important role in the growth and development of an organism. Maruca vitrata is an insect pest of leguminous plants like pigeon pea, cowpea and mung bean and is pantropical. In this study, we perform BLAST on all known miRNAs against the transcriptome data of M. vitrata and thirteen miRNAs were identified. These miRNAs were characterised and their target genes were identified using TargetScan and were functionally annotated using FlyBase. The importance of the structure of pre-miRNA in the Drosha activity led to study the backbone torsion angles of predicted pre-miRNAs (mvi-miR-9751, mvi-miR-649-3p, mvi-miR-4057 and mvi-miR-1271) to identify various nucleotide triplets that contribute to the variation of torsion angle values at various structural motifs of a pre-miRNA.
Introduction
Insect infestation on a crop leads to loss in yield and quality, and then the insect becomes agricultural pest. The legume pod borer, Maruca vitrata (lepidopteran) is one of the serious pest of grain legumes in the tropics and sub-tropics (Sharma, 1998) ; and they are known to affect overall production by causing damage to pigeon pea (Gopali et al., 2010) , mung bean (Zahid et al., 2008) and cowpea (Asante et al., 2001) . In Bangladesh, the damage caused by pod borer was estimated to be 54.4% in cowpea during harvest (K. O and M.Z. A., 1989) . Reports from Taiwan show a yield loss of 17-53% of cowpea due to the pod borer infestation (Liao and Lin, 2000) . Larvae web around the leaves and inflorescence before boring, and this prevents the pesticide penetration into the larval nest. Hence, control of this pest becomes challenging and there is a need for better control measures and strategies. Identification of various entomopathogenic fungus and parasitoids associated with M. vitrata is an effective method to kill or disable the insect (Mehinto et al., 2014; Dannon et al., 2010) . Artificial miRNAs (amiRNAs) mediated gene silencing is turning into a potent tool in functional genomics, to control gene expression. They can be further utilized to study metabolic pathway and gene functions in various disciplines, and even to enhance favourable traits in plants (Tiwari et al., 2014; Cantó-Pastor et al., 2015) .
MicroRNAs (miRNAs) are a class of~21 nt, endogenous non-coding RNA, that regulate target mRNA by cleaving or translation repression (Bartel, 2004) . They play significant roles like developmental timing, cell differentiation and proliferation, tumorigenesis, host-pathogen interactions, ageing and viral replication (Ambros, 2012; Shivdasani, 2006; Gong et al., 2012; Asgari, 2011; Drummond et al., 2011) . The structure of a pri-miRNA consists of a long imperfect stem structure of 30 bp with flanking single-stranded RNA segments at its base. Maturation of miRNA begins when pri-miRNA is cleaved with an RNase enzyme III named Drosha (Lee et al., 2003) to release an~60-70 nucleotide stem-loop intermediate known as the precursor miRNA (pre-miRNA). The pre-miRNA is transported to cytoplasm where RNase III enzyme called Dicer cleaves it to generate mature miRNA (Flores-jasso et al., 2009) . The incorporation of the mature miRNA (guide strand) into the RNA induced silencing complex (RISC) triggers the recognition of target mRNA and inactivates or degrades it.
Stem-loop hairpin structure is an important feature of pre-miRNA in the computational identification of miRNA genes and in the biogenesis of miRNA (Krol and Krzyzosiak, 2004) . The variation in the length of mature miRNA depends on the manner the enzyme Dicer cleaves the pre-miRNA, which in turn depends on the structural motifs like terminal loops, internal loops, and bulges present in the pre-miRNA. Terminal loop plays a major role in the cleaving action of Drosha and Dicer on the pre-miRNA (Starega-Roslan et al., 2011) . As M. vitrata is an important pest, identifying miRNAs present in this lepidopteran will be practical in order to mediate gene silencing and transgenesis studies.
Torsion angle is a critical factor to be analysed while examining various DNA/RNA motifs and conformations. The conformation of the backbone of DNA/RNA is defined by torsion angles -α, β, γ, δ, ε, and ζ. And the orientation of a base relative to sugar is given by torsion angle χ and there is a correlation between the angles -α ↔ γ and ε↔ ζ (Saenger, 1983) . The torsion angle studies had been applied to DNA Holliday Junction structure (Eichman et al., 2002) , α/γ transitions in B-DNA backbone (Djuranovic et al., 2002) , conformational classification of RNA (Schneider et al., 2004) and structural modifications in histones (Sanli et al., 2011) . Analysis of torsion angles determines the irregularities in a structure. Every backbone torsion angle consists of certain range of values that maintains the integrity of the structure. Deviation from these values distorts the structure and hence its function (Temiz et al., 2012) . In this study, we have investigated the fluctuations imposed on torsion angles with the variations observed in the sequence of miRNAs (Svozil et al., 2008) .
Existing transcriptome data were used to identify and characterise the putative miRNAs in M. vitrata; in order to predict target genes for the predicted miRNA and functionally annotate them using TargetScan and FlyBase respectively; and also to study the sequence dependant variations in backbone torsion angles in predicted miRNAs.
Materials and method

Data collection and identification of putative miRNA and their precursor
The transcriptome data of M. vitrata was retrieved from Sequence Read Archive, NCBI. The complete collection of miRNAs was downloaded from miRBase (Griffiths-Jones et al., 2006) . The transcriptome data was processed to generate contigs and remove redundant sequences, and only the non-homologue sequences were used for further analysis. Fig. 1 . The secondary structures of putative miRNAs: The secondary structure consists of a stem and loop structures. The highlighted regions represent the mature microRNA in the hairpin structure.
The collected miRNA sequences were used as query for homologous search against the transcriptome data, using standalone BLAST +2.2.28 programme (Altschul et al., 1997) .The hits obtained were considered as the candidates for finding precursor miRNAs. These sequences were submitted to Mfold to predict the secondary structures of precursor miRNAs (Zuker, 2003) . The secondary structures were predicted based on criteria determined by Zhang et al. (2006): 1. The pre-miRNA could be able to fold into a typical hairpin secondary structure. 2. The mature miRNA should be located in the stem region of the hairpin structure. 3. miRNA has less than seven mismatches with the complementary sequence in the opposite arm. 4. No loops or breaks are allowed in the miRNA or miRNA*duplex. 5. The negative MFE of the miRNA should be greater than −18 kcal/mol and the (A + U) content must be in the range of 40-70%.
The predicted miRNAs were named in accordance with the rules determined in the miRBase (Griffiths-Jones et al., 2006) .
Predicting targets of miRNA
The target genes of the predicted miRNAs were identified using TargetScan (Lewis et al., 2003) . TargetScan predict targets of miRNAs by searching for the presence of conserved sites that match the seed region of miRNA. The target genes obtained are then directed to the FlyBase database (Dos Santos et al., 2014) , which assist in the functional annotation.
Predicting three dimensional structure of miRNA and torsion angle analysis
The three dimensional structure of mvi-miR-9751, mvi-miR-6497-3p, mvi-miR-4057 and mvi-miR-1271was constructed using MC-Sym (Parisien and Major, 2008) , which provides a fully automated 3D structure from the user defined secondary structure (in Vienna format) and the sequence of microRNA in study. The PDB files created for the four predicted miRNAs were used to generate the torsion angle data using Curves+ (Lavery et al., 2009) . Graphs were generated to analyse torsion angle data (.lis file).
Results and discussion
In this study, 13 miRNAs were identified in the insect M. vitrata from the transcriptome data.
Characterisation of miRNA
All the predicted miRNAs have a typical stem-loop structure. The mature miRNAs were located either in 5′ arm (62%) or the 3′ arm (38%) of the stem loop structure. The secondary structures of all the predicted miRNAs are given in Fig. 1 .
The length of mature miRNAs varies from 19 to 22 nucleotides and the length of pre-miRNAs varied from 55 to 96 nucleotides. Tables 1  and 2 show the details of precursor miRNAs and predicted mature miRNAs respectively. Minimum free energy (MFE) calculated for the predicted miRNAs varied from − 51.2 to − 16 kcal/mol (Das, 2010) . The A + U content for the predicted pre-miRNA varied from 24 to 80% (Asokan et al., 2013) .
Identification of miRNA targets
In animals, the miRNA and microRNA Response Element (MRE) are almost never completely complementary to each other. The "seed" region which constitutes roughly 6-8 nucleotides of the 5′-end generally suffices the functional RISC formation (Brennecke et al., 2005) . But recent studies prove that seed target regions at the 3′-end are conserved and thus demonstrating the predominant regulatory functions of miRNAs through 3′ UTRs (Gu et al., 2007; Friedman et al., 2009 ).
In the current study, we have used 3′ UTR sequence data of Drosophila melanogaster in the TargetScan to confirm our targets (Table 3) .
Functional annotation
A total of 141 targets were obtained for 13 miRNAs encoding for metamorphosis, cell signalling, transcription regulation, structural constituents, metabolism, and transmembrane transportation. Thus it proves the multi-level functioning of miRNAs in various molecular and cellular processes.
mRNAs targeted by mvi-miR-466m-3p and mvi-miR-1271 are associated with Hedgehog receptor activity and Ecdysis-triggering hormone receptor activity which are linked to metamorphosis. mvi-miR-9751 was seen to target genes mainly associated with transcription regulation, which is accomplished by sequence specific DNA binding proteins, RNA polymerase II transcription cofactor and histone methyltransferase activity. Further, mvi-miR-9751 also controlled the genes specific to GTPase activity and serotonin activity, which are integral to various signalling pathways. Similarly mvi-miR-4968-3p was found to be associated with transcription regulating proteins as well as signalling molecules (Ras GTPase binding).
mvi-miR-6497-3p* targets mRNAs linked to structural constituents of chorion (the outer shell of the insect egg) along with the protein serine/ threonine phosphatase activity. Apart from mvi-miR-6497-3p*, structural constituents of chorion are also targeted by mvi-miR-414 and mvi-miR35b-3p. mvi-miR-1271 and mvi-miR-4968-3p regulate the genes related to structural constituents of cytoskeleton.
Target multiplicity and cooperativity
Multiplicity is one of the common characteristics of miRNA regulation, such that one 3′ UTR has more than one MREs and thus assisting miRNA in having multiple targets (Ghosh et al., 2007) . In our study we identified mvi-miR-9751 to have maximum plausible target mRNAs responsible for transcription regulation and signalling pathways.
Cooperativity is another feature shown by miRNA, where more than one miRNAs regulate a target mRNA, thus establishing an effective silencing (Ghosh et al., 2007) . In our study we found that mvi-miR-6497-3p* and mvi-miR-35b-3p participate in the regulation of the gene FBgn0000359 (structure of chorion).
Torsion angle analysis
In order to study the fluctuations observed in torsion angle with respect to the variation in sequences, the structure of mvi-miR-9751 was divided into one loop, three stem sections and one internal loop.
Similarly, one loop, five stem sections, one bulge and one internal loop in mvi-miR-649-3p; two stem sections and one internal loop for mvimiR-4057; one external loop, two stem sections, one bulge and one loop for mvi-miR-1271 were noted down for the analysis. The four torsion angles, α, γ, ε and ζ have shown deviation from their usual range of values. Similar to DNA sequences, miRNA has relationship between the torsion angles (Saenger, 1983 ):
1. Alpha (α) and gamma (γ) 2. Epsilon (ε) and zeta (ζ).
Figs. 2, 3, 4, 5 shows the relationships and deviations observed in the torsion angles in mvi-miR-9751, mvi-miR-649-3p, mvi-miR-4057 and mvi-miR-1271 respectively. Tables 4 and 5 shows the maximum and minimum values of α, γ, ε and ζ torsion angles in the stems, loops, internal loops and bulge regions of the two miRNAs.
Deviation of alpha and gamma torsion angles
In general the values of α torsion angles for RNA is specific to the − gauche region (− 30°to − 90°) of the Klyne and Prelog cycle. Most of the nucleotides have been found to be in this region, with few exceptions. There were deviations from the − sc to − ac, − ap, +ap, + ac and + sc regions. Majority of them were found to be in − ac and − ap regions. For the most part, this variation has been observed in nucleotides -C and G.
The usual range of γ torsion angles for RNA is +gauche (30°to 90°) of the Klyne and Prelog cycle. All the four microRNA sequences have shown a predominant deviation to + ac, −ac, − ap and +ap regions. Overall, both α and γ values were found to be in similar ranges with respect to various studies (Schneider et al., 2004) .
Deviation of epsilon and zeta torsion angles
The normal range of ϵ torsion angle has been mainly recorded to be in the −ac (−90°to −150°) region (Schneider et al., 2004) . But apart from this region, the +ap and −sc regions are also allowed if the ribose sugar exhibits C 3′ endo-and C 3′ exo-puckering respectively. It was noted that most of the nucleotides in our miRNAs had ϵ torsion angles that have occupied a different region other than −ac. The epsilon values have shifted to the −ap and +sc regions. As a result of C 3′ endo-puckering, G 43 (mvi-miR-4051), G 50 and U 56 (mvi-miR-6497-3p ) displayed values in the − sc region, similarly, due to C 3′ exo-puckering C 5 of mvi-miR-1271 showed values in the +ap region.
The ζ values are generally depicted in the −gauche (−30°to −90°) region and some cases to the −ap region too. Our study showed deviations from this range of values in some of the nucleotides. The torsion angle mostly shifted to − ac and + ac, and a few were found to be in +sp and −sp regions. 
Nucleotides showing deviation in torsion angles
The torsion angle values under the study have shown to deviate with respect to changes in nucleotide sequence (Svozil et al., 2008) . Among all the four nucleotide, G and C have induced the most deviation in torsion angle (Arrigo et al., 2012) . The values of torsion angles fluctuated with respect to certain patterns of nucleotide sequence and these patterns were termed as "nucleotide triplets" (Table 6) . Also, when a bulge occurs in the stem region of a miRNA, it leads to variation in torsion angle (Kumar et al., 2012; Popenda et al., 2008) .
Hence it is concluded that sequence composition can affect various structural motifs present in a pre-miRNA. This can help in understanding the sequence dependant modulations occurring in the cleaving of pri-miRNA by Drosha to synthesis pre-miRNA (Krol and Krzyzosiak, The outcome of this study can be implemented to investigate the effect of sequence variation in miRNAs and the resulting conformational changes observed during the binding of miRNAs to the RISC.
Conclusion
In the current study we identified thirteen putative miRNAs from M. vitrata. These miRNAs regulate mRNAs related to metamorphosis, cell signalling, transcription regulation, structural constituents, metabolism, and transmembrane transportation. miRNAs identified in the pest M. vitrata can be the initial step for an effective pest management programme.
Backbone torsion angles of precursor structures of mvi-miR-9751, mvi-miR-6497-3p, mvi-miR-4057 and mvi-miR-1271 show that sequence composition can influence the stem-loop hairpin structure of pre-miRNAs. The presence of certain nucleotide triplets in structural motifs of miRNA can show substantial variation in the torsion angle values in these regions and affects the location of binding of enzymes. This work could be extended to study the sequence dependant variation in torsion angle during the binding of miRNAs to enzymes and RISC. 
